ABSTRACT. We examined genetic relationships among wild and cultivated olives, which is a very important crop in the economy of the Aegean region. We used RAPD analysis to evaluate relationships among and within 22 olive subspecies from Manisa, Mugla and Izmir provinces in Turkey. Twelve of the subspecies were wild and 10 were cultivated olives. Fifty-two primers were used (OP-Q 1-20, OP-I 1-20, OP-F 14-15-16-17, and OP-K 1-8) and 49 polymorphic bands were selected and used for analysis. The dendrogram based on unweighted pair-group cluster analysis using the SorensenDice coefficient of similarity index indicated two major groups, dividing wild olives from cultivated olives. The patterns of genetic relationships among and within the different olives were analyzed by means of analysis of molecular variance. We found significant differences between wild and cultivated olives (Φ st = 0.1507; P < 0.001). In order to determine the genetic relationship among wild and cultivated olives, principal coordinate analysis was used to examine the variation among subspecies. The wild and cultivated 1551 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 9 (3): 1550-1556 Genetic relationships among wild and cultivated olives olives formed two main groups, one on the right side and the other on the left side of the principal coordinates graph, respectively. This was compatible with the results we obtained from analysis of molecular variance.
INTRODUCTION
Olives, whose homeland is Anatolia, has a huge variety in Turkey. It is cultivated along the coastline, which is under the influence of the warm Mediterranean climate. There are two subspecies of olives grown in the Aegean, Marmara, Black Sea, and Southeast Anatolia regions, namely wild and cultivated olives (MOARA, 1991) . It is very important to know the genetic subspecies of olives, which have a huge significance in terms of the region's economy, and to grow them efficiently. In this respect, random amplified polymorphic DNA (RAPD) is used providing dominant markers in determining the genetic relationship among wild and cultivated olives (Belaj et al., 2002; Martins-Lopes et al., 2009 ).
Cluster analysis is performed using some matrices in the determination of genetic relationships among plants. One of the similarity/distance metrics used in software clustering is Sorensen-Dice (association coefficient) (Dice, 1945; Sorensen, 1948) . This metric is used to calculate the similarity between two objects. Similarity is the inverse of distance, and the greater the distance between two objects, the less similar they are (Saeed et al., 2003) .
Genetic distances between plants were calculated by applying the Euclidean metric of Excoffier et al. (1992) . AMOVA (analysis of molecular variance) estimates genetic structure or the degree of differentiation among and within populations (Wallace, 2003) , for example, the populations being defined on breeding criteria. AMOVA was performed to study the effect of population classification criteria. Belaj et al. (2002) used AMOVA to determine the genetic variation among olive varieties cultivated in the west, center and east of the Mediterranean region.
PCO (principal coordinate analysis) is used for the purpose of revealing the genetic similarity among plants. For instance, Baldoni et al. (2006) used this analytical method to exhibit the relationship among wild and cultivated olive cultivars.
The aim of this study was to determine the genetic relationships among wild and cultivated olives with different analytical methods using RAPD markers.
MATERIAL AND METHODS

Plant material
A total of 22 olives were used, including 12 wild and 10 cultivated olives obtained from the Aegean region. Table 1 shows the places from which these olives were supplied.
DNA extraction
Genomic DNA was extracted from young leaves using the Doyle and Doyle method (1987) . Pre-chilled mortar and pestle was used to ground fresh leave tissues. Powdered tissues were immediately transferred to 1.5-mL Eppendorf tubes. A volume of 700 µL preheated CTAB extraction buffer (2% CTAB, 20 mM EDTA, 1.4 M NaCl, 100 mM TrisHCl, pH 8.0, 2% β-mercaptoethanol) was added to frozen ground leaves, mixing several times by gentle inversion. Samples with CTAB buffer were incubated for 30 min at 65°C. Tubes were mixed by inversion every 5 min during the incubation time. After removing from the hot bath, tubes were cooled down, and then, 700 µL cold chloroform:isoamyl alcohol (24:1) was added. Tubes were centrifuged at 10,000 rpm/min for 10 min at 4°C. Supernatants were transferred to new tubes; 600 µL cold chloroform:isoamyl alcohol (24:1) was added and the tubes were mixed by gentle inversion for 5 min. Samples were centrifuged at 10,000 rpm/min for 10 min at 4°C. Supernatants were transferred to fresh tubes including 10 M ammonium acetate and 3 M sodium acetate. A volume of 500 µL cold isopropanol was added, followed by very gentle shaking for DNA precipitation. Precipitated DNA was removed with a pipette, and washed with 70% ethanol. DNA was dried and resuspended in 50 µL EDTA. The crude DNA sample was treated with 1 mL RNAase (10 mg/mL stock) for 10 min at 37°C.
Spectrophotometric analysis
DNA quality and concentration in samples were determined by both spectrophotometric analysis and electrophoresis on 0.8% agarose gels. In the spectrophotometric analysis, the optical density of each sample of DNA was determined at 230, 260 and 280 nm. Optical density ratios were evaluated and only good-quality DNA samples were used in polymerase chain reaction (PCR) (Wu et al., 2004) .
RAPD-PCR analysis
Fifty-two primers from the kits OP-Q 1-20, OP-I 1-20, OP-F 14-15-16-17, OP-K 1-8 (Operon Technologies, Alameda, CA, USA) were used for RAPD-PCR analysis. PCR was performed in an Eppendorf MasterCycler Thermal Cycler in a total volume of 25 μL. The PCR mixture included 25 ng template DNA, 2.42 μL 10X PCR buffer (with MgCl 2 ; Sigma), 0.44 μL dNTP (Sigma), 1 μM primer, and 0.13 μL Taq DNA polymerase (Sigma). The amplification reactions were carried out for 60 s at 94°C as an initial denaturation. The PCR program comprised 35 cycles for 20 s at 94°C, 20 s at 35°C, and 30 s at 72°C, and a final extension was performed at 72°C for 5 min.
Agarose gel electrophoresis
Amplification products were loaded onto 1.5% agarose gels (Sigma) in 0.5X TBE buffer with 0.5 μg/mL ethidium bromide, and electrophoresed at 100 V constant voltage. For evaluating the base pair length of bands, a DNA ladder (Sigma, Fermentas) was loaded on the first lane of each gel. After the separation of PCR products by agarose gel electrophoresis, gels were visualized with the Photo Print (Vilber Lourmat, France) imaging system and analyzed by the BioOne D++ software (Vilber Lourmat). The RAPD bands were scored as 1 for present or 0 for absent and only clear bands were scored for the construction of the data matrix. The dendrogram was constructed using NTSYS-pc 2.01 (Rohlf, 1998) according to the Sorensen-Dice coefficient of similarity (Dice, 1945; Sorensen, 1948) , and the UPGMA algorithm (unweighted pair-group method using arithmetic averages) was chosen as the hierarchical clustering analysis method.
AMOVA (Excoffier, 1992) was carried out on the RAPD data using Arlequin 3.11 with 1000 permutations (Excoffier et al., 2005) , and PCO analysis was performed by FAMD version 1.23 (Schlüter and Harris, 2006) .
RESULTS
Thirty of 52 primers, which were used to determine the genetic relationship between wild and cultivated olives, yielded scorable bands and, after selection, 49 polymorphic bands were used. In accordance with the Sorensen-Dice similarity index, the closest samples among the wild olives based on their genetic similarities are wilds 6 and 7 with 0.63. In the cluster in which wild olives were included, the other samples closest to each other based on their genetic similarities are wilds 1 and 2 and wilds 3 and 4 with 0.57, and wilds 10 and 11 with 0.50.
The closest samples among the cultivated olives based on their genetic similarities are Gemlik 3 and Manzanilla 1 with 0.53. In the cluster in which cultivated olives were included, the other samples closest to each other based on their genetic similarities are Gemlik 4 and Manzanilla 2 with 0.50 and Edremit and Memecik with 0.44.
When UPGMA is applied with regard to the Sorensen-Dice similarity index, as shown in Figure 1 , the formation of two main groups of cluster is evident. It is observed that wild olives cluster in the first group and cultivated olives cluster in the second group. This shows us that olive subspecies form groups based on their growth conditions. Genetic distance was measured by looking at the variance among and within the olives in accordance with the growth conditions using AMOVA (wild and cultivated). The results in Table 2 were obtained accordingly. As seen in table, the proportion of total diversity found within populations was 84.93% and differences between wild and cultivated olives were significant (Φ st = 0.1507; P < 0.001). Another method used for determining the genetic relationship among wild and cultivated olives is PCO. The genetic similarity between individuals was determined with this analysis. Figure 2 shows the graph formed based on the RAPD data of wild and cultivated olives. In accordance with the results obtained from the PCO analysis, olives were plotted on principal coordinates 1, 2 and 3, accounting for 19.43, 12.56 and 11.45% of variation, respectively, and together explaining 43.44% of total variation. When the graph is examined, it is observed that two different main groups are formed. A group covering all the wild olives is observed on the right side of the graph, and another group covering the cultivated olives is observed on the left side of the graph. This shows us that there is a significant difference between wild and cultivated olives.
DISCUSSION
We examined genetic relationships among olive subspecies and found that wild and cultivated olives form two main groups based on UPGMA. AMOVA and PCO showed that their growth conditions affected the genetic relationship among them because wild olives are formed spontaneously or through the seeds of cultivated olives spread around. Cultivated olives, on the other hand, are mostly produced through the vegetative method (Mendilcioglu, 1999) . In this case, as Lumaret et al. (2004) mentioned in their study, heterozygosity in wild olives is higher than in cultivated olives. Thus, it is expected that genetic similarities of wild and cultivated olives are distant.
It is important to show that the similarities between wild 6 and wild 7 olives were found to be the closest samples in our study, because wild 6 was obtained from Akhisar and wild 7 was obtained from ORI, Bornova. There is a distance of 90 km between Akhisar and Izmir; thus, such genetic closeness is a finding showing that gene flow may occur as a result of various factors such as birds, animals, etc., spreading olive seeds (Alcántara et al., 1997; Spennemann and Allen, 2000) .
In conclusion, determining the genetic relationships among wild and cultivated olives grown in the Aegean region is valuable in the sense that olives, being a significant source of income, contribute greatly to the economy of our country. In this respect, production considering growth conditions would make important contributions to quality and efficiency.
